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Introduction
The risk of cesarean delivery following an attempt at
vaginal birth after cesarean has been found to be lower
in women who have had a history of vaginal birth [1–5].
Amongst women who have had a history of vaginal birth
and attempting a trial of labor, those with a successful
vaginal birth after cesarean (vaginal last) have been found
to have a lower risk of repeat emergency cesarean when
compared with women whose vaginal delivery was
before the cesarean delivery (cesarean last) [6,7].
Information about the influence of the number of
prior vaginal deliveries on the risk of emergency repeat
cesarean delivery in a trial of labor is limited. In a low-risk
obstetric population, increasing parity was associated
with a decreased risk of emergency cesarean delivery [8].
We planned to evaluate whether there might be a similar
effect in a trial of labor after cesarean (TOLAC).
As emergency repeat cesarean following TOLAC has
been associated with poorer maternal outcome when
compared with elective repeat cesarean [9]. Reliable pre-
dictors for emergency cesarean delivery will be useful
in counseling women considering TOLAC.
As the mode of the previous delivery has been shown
to predict the risk of a repeat cesarean [6,7], we sought
to investigate its role in neonatal admission. This is
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because neonatal outcome is adversely affected by a
failed trial of labor and consequent emergency cesarean
delivery [10,11].
We did a PUBMED search (http://www.ncbi.nlm.
nih.gov/entrez/query.fcgi) in all languages using search
terms previous or prior vaginal delivery and neonatal admis-
sion on July 2, 2007. No relevant study was identified
concerning prior maternal delivery order in a trial of
labor and its effect on neonatal admission, indicating a
paucity of information in this area.
Methods
We performed an analysis to study the effect of mode of
last delivery and of an increasing number of previous vagi-
nal deliveries on emergency repeat cesarean and neonatal
admission in women with one previous lower transverse
cesarean attempting TOLAC. We derived data from a
previous study of 1,000 women with one previous lower
transverse cesarean that has compared outcomes fol-
lowing a trial of labor with elective repeat cesarean [12].
We identified a subset of 342 women that had at least
one prior vaginal birth who underwent TOLAC; these
342 women formed the population for this analysis.
In our previous study [12], the labor ward birth reg-
ister was searched retrospectively starting from December
31, 2005 backwards to find consecutive cases of women
with a singleton fetus at 36–42 weeks’ gestation who
had a previous cesarean delivery. Case notes were iden-
tified and data extracted. We excluded women with
more than one previous cesarean, a classical cesarean,
an unknown uterine incision, multiple gestations, fetal
anomalies, severe preeclampsia, and also repeat cesar-
ean indicated by breech presentation, transverse lie or
placenta previa. The 1,000th woman who fulfilled the
study criteria of one previous transverse lower segment
cesarean, but was otherwise suitable for a trial of
labor, delivered in June 2002.
Neonates who were admitted to a neonatal unit
before hospital discharge were identified through the
birth register, maternal case notes and the admission
registry of our neonatal unit for the relevant time period.
The case notes of admitted babies were retrieved and
data extracted.
We categorized the indications for previous cesarean
sections into two categories: those indicated by failure
to progress in labor, and an “others” group. Failure to
progress may be a recurrent condition that can increase
the risk of repeat emergency cesarean [4]. We also
grouped together the common pregnancy-induced med-
ical disorders of diabetes and hypertension, as these
disorders are known to increase the emergency cesarean
rate during a trial of labor [5,13–15]. We defined pro-
longed labor as a labor of more than 8 hours, as this
demarcation represented the 90th centile in our study
population.
Our hospital conducted about 5,000 deliveries per
year with a cesarean delivery rate of about 25%. Our
labor ward set-up was compliant with recent major
guidelines [16,17] for the conduct of a TOLAC.
Labor induction with vaginal dinoprostone after a
previous low transverse cesarean delivery was permitted
in our center. Oxytocin augmentation of labor was also
permitted at the discretion of senior staff. Women in
labor were assessed at least every 4 hours initially and no
time limit was set for a trial of labor. An emergency ce-
sarean delivery would be decided on by senior obstetric
staff on duty in accordance with usual obstetric practice.
The conduct of this study followed guidelines set
out by our institution for a retrospective study. We were
exempted from having to obtain individual patient
consent.
Data were entered into SPSS version 14 software
(SPSS Inc., Chicago, IL, USA). We applied the Student’s
t test to compare means of continuous variables, the
Mann-Whitney U test to compare ordinal variables,
Fisher’s exact test to 2 × 2 categorical datasets and mul-
tivariable logistic regression analysis to identify inde-
pendent risk factors. We incorporated all variables with
crude p < 0.2 on Fisher’s exact test in the multivariable
logistic regression analysis. All tests were two-tailed
and p < 0.05 was taken as the level of significance.
Results
Of the 1,000 women with one previous low transverse
cesarean that were identified as suitable for a trial of
labor, 232 women had elective repeat cesarean, 768
women underwent TOLAC (426 women who had just
one lower transverse cesarean and no vaginal delivery
were excluded). The subset of 342 women who had at
least one prior vaginal birth formed the study group [12].
There were two (0.6%) perinatal deaths but no uterine
rupture within this group of 342 women. These rare
occurrences precluded meaningful statistical analysis on
perinatal death and uterine rupture within our data.
Table 1 shows the characteristics of the study pop-
ulation. There were 51 (14.9%) emergency repeat ce-
sarean deliveries and 19 (4.2%) neonatal admissions
within the study group of 342.
The factors analyzed for association with emergency
repeat cesarean delivery are shown in Table 2. Nine of 13
factors considered had crude p < 0.2 on Fisher’s exact
test and were incorporated into a multivariable logistic
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regression analysis. Following adjustment, a gestation
time of less than 40 weeks, cesarean as the last delivery,
oxytocin use in labor, labor length more than 8 hours
and meconium-stained liquor remained significant
predictors of emergency repeat cesarean delivery.
Emergency repeat cesarean delivery was included as
a factor for neonatal admission in addition to the afore-
mentioned 13 factors (Table 3). Seven risk factors iden-
tified with a crude p < 0.2 were incorporated into a
multivariable logistic regression analysis. Following ad-
justment, maternal diabetes or hypertension, male off-
spring and emergency repeat cesarean delivery were found
to be independently predictive of neonatal admission.
On bivariate analysis, women who underwent
TOLAC and had two or more previous vaginal deliveries
did not have different outcomes compared with women
who had only one prior vaginal delivery (Tables 1 and 2)
with regard to emergency repeat cesarean delivery or
neonatal admission.
Discussion
We found that meconium-stained liquor in labor, ce-
sarean as last delivery, gestational age less than 40
weeks, oxytocin augmentation of labor and a prolonged
labor of more than 8 hours were predictive of emer-
gency repeat cesarean delivery in multivariable logistic
regression analysis.
Meconium-stained liquor demonstrated the highest
adjusted odds ratio (11.4) for emergency repeat cesar-
ean in our study group. Meconium-stained liquor is
more frequently encountered in an emergency repeat
cesarean delivery than in a primary emergency cesarean
delivery [18]. This is likely to be due to meconium-
stained liquor being taken as a sign of non-reassuring
fetal status with a proportionately larger effect in lower-
ing the threshold for calling off TOLAC compared 
with when in labor with an unscarred uterus.
Cesarean delivery compared with vaginal delivery as
the immediate prior mode of delivery has consistently
been reported to be a risk factor for repeat cesarean
[6,7], but these studies only considered women with
only one vaginal delivery and one previous cesarean.
The possible role of a higher number of previous vaginal
deliveries was not studied.
Oxytocin use in labor has been shown to be a predic-
tor of a repeat cesarean [1,2,19], similar to our finding.
In our study, induction of labor was not associated with
emergency cesarean delivery; 32/37 (84.5%) had labor
induced by vaginal dinoprostone and only 9/32 (28.1%)
of these 32 women required further use of oxytocin in
labor, indicating that dinoprostone was highly efficient 
in inducing labor and vaginal delivery in our multiparous
women.
A gestation age of less than 40 weeks was predictive
of emergency cesarean in our study; recent reports have
shown conflicting results with one showing gestational
age < 41 weeks associated with increased risk of emer-
gency repeat cesarean [1] similar to our finding, whilst
another has shown the opposite effect [2].
We found prolonged labor of more than 8 hours to
be a predictor of emergency repeat cesarean; a foresee-
able finding given that 24/51 (47.1%) of the emergency
cesarean deliveries in our study were indicated by failure
to progress in labor.
We found that two or more previous vaginal deliv-
eries compared with only one prior vaginal delivery (odds
ratio, OR, 1.4; 95% confidence interval, CI, 0.8–2.5)
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Table 1. Characteristics of the study population (n =342)*
Age (yr) 33.0 ± 4.0
Age ≥ 35 years 113 (33)
Gestational age (wk) 38.9 ± 1.1
Gestation < 40 weeks 233 (68.1)
Parity, median (interquartile range) 2 (1)
Para 3 or greater 158 (46.2)
Cesarean as last delivery 84 (24.6)
Indication for previous cesarean
Failure to progress in labor 90 (26.3)
Other indications 252 (73.7)
Diabetes or hypertension in pregnancy 62 (18.1)
Prelabor rupture of membranes 23 (6.7)
Induction of labor
No 305 (89.2)
Vaginal dinoprostone 32 (9.4)
Amniotomy 5 (1.5)
Oxytocin use in labor 96 (28.1)
Epidural analgesia in labor 63 (18.4)
Duration of labor (hr) 4.7 ± 2.5
Labor > 8 hours 35 (10.2)
Meconium stained liquor in labor 18 (5.3)
Male infant 197 (57.6)
Mode of delivery
Spontaneous vaginal 279 (81.6)
Instrumental vaginal 12 (3.5)
Emergency repeat cesarean 51 (14.9)
Indications for repeat cesarean
Failure to progress 24 (47.1)
Other indications 27 (52.9)
Neonatal admission† 18 (5.3)
*Data are presented as n (%) or mean± standard deviation; †includes admission
to both special care nursery and intensive care unit.
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did not reduce the risk of emergency repeat cesarean
delivery. We had anticipated, in extrapolating the data
available from a general obstetric population [8], that
a higher parity might also be associated with a lower
emergency cesarean delivery risk during TOLAC.
Emergency cesarean delivery, male offspring and
maternal hypertension or diabetes were found to be pre-
dictors of neonatal admission in our study population.
In women without a previous vaginal delivery, emer-
gency repeat cesarean delivery following TOLAC was
not associated with neonatal intensive care admission
[20]. Our study considered an entirely different popu-
lation of women who had at least one prior vaginal
delivery. In addition, we did not restrict our definition
of neonatal admission to admission to the intensive
care environment only. These differences might have
accounted for our finding of a significant association
of emergency cesarean following TOLAC and neonatal
admission in contrast to the previous study [20].
Male offspring have been associated with increased
morbidity and mortality in preterm births and also
with an increased risk of cesarean delivery [21–24].
Our finding of the male neonate as an independent
predictor of neonatal admission albeit within a term
cohort is broadly consistent with previous findings 
of poorer perinatal outcome associated with males,
but we did not any find an association of male fetuses
with emergency repeat cesarean delivery (OR, 0.9; 95% 
CI, 0.5–1.5).
Neonatal admission associated with maternal dia-
betes or hypertension has been well described in the
general obstetric population, and both maternal con-
ditions are independent predictors of neonatal admis-
sion to a neonatal intensive care unit [25]. Our finding
is, therefore, compatible with the known effect of mater-
nal diabetes and hypertension on neonatal complica-
tions that required admission and might not be specific
to a TOLAC.
Our study has a particular limitation; we had only
18 neonatal admissions and our findings are, therefore,
vulnerable to both type I and II statistical errors with
regard to neonatal admission.
We did not find any evidence to support the proposi-
tion that a higher number of previous vaginal deliveries
would have a positive impact on the outcome of a trial
of labor after one cesarean delivery.
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